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SECTION I 



INtRODUCTlON AND ENVIRONMENTAL SUMMARY 



A, Organliation Ititention of Report 

- " / 

/ ' This re^rt presents the environmental problems , which n^y 
arise with the "further development of Ocean Thermal Energy 
Conversion' (OTEC)\; one of the eight Federally-f unded solar 
/ .tachndlogies . To provide a background for this environmental 

^^anaifSxB, the history^ and basic concepts of the technology are 
peview^, as are its econpmic and resource requirements. The 

' ; poten^al effects of this new technology on the full^^ipange of envi- 
ronmental concerns (i.e.^ air and water quality^ biosystems^ safety^ 
sopial/institutionai structures, etc.) are then discussed in terms 
of both their relative significance and possible solutions. Althoug^ 
tt^e emerging solar technologies will contribute to environmental 
problems ^common to. any construction project or energy-producing * 
technology {e*a., air pollutants from steel production) ^ only those 
impacts ■ unique to the solar aspects of the technology are 'discus- 
sedin*depth here. Finally, an environmental ^ work plan is presented 
listing research and^ development proposals and a NEPA work plan whidh 
might help clarify and/or mitigate specific environmental concerns* 



B, Environmental Concerns 



■Potentially Toxic Effects of Metallic Elements 



Ona^ Sfrious erTvironmental problem posed by the operation ^.^^/ 
of an OTEC plant is the potentially toxic effect on marine life of 
^metallic elements eroded/corroded from heat exchangers. One side of 
an OTEC plant^s heat e^hanger surface will be, continually subjected 
to the erosi.-ve and corrosive forces of sea water flow, causing a 
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certain quantity of inetallic jblements be continually 
into the ambient sea water. Depending on the material Af^d to con^ 
Struct heat exdhange^s^ these elements may have a tox^ effect on 
marine organisms. Erosion/corrosion of a 90/10 com^f-nickel 
exchanger^ for instance, might cause Se'rious eool^^ical problems* 
If aluminum were used^ toxic effects would prob^ly be lessened^ 
although little is known of the tOKic .effects/^f aluminum on specific 
marine organisms. The use of titanium as t^^ heat 1 exchanger material 
may cause even fewer environmental proble^fSf since it is highly cor-_. 



rosi^n-resisiant , Finally, if plastics 



exc^ianger use^ thi s particular /tpxici^' problem may, be obviated 
altogether* 

2, Potential Ecologic^ li^^Sts of Ocean Water Mixing 

In an OTEC plant . vapt/quan^tities of cold, deep ocean water are 
continuously 'pumped to tne cq^Hensers near the ocean surface; a simi- 
lar amount of warm sar/face^j^a ter is dlso pumped through the evap= , 
orators. This artif|.^ial /fixing of natural thermoclines , salinity 
gradients, and bioti'c sp^dies near an OTEC plant could have an adverse 
effect on local marine /^faosystems . For instance, marine biota pumped 
up from deeper water V^I^H experiende both a temperature increase and 
a pressure^rop/? surxAce oraanisms passing through the evaporatprs 

- / 7'" 

will experieno'e a t^^'mperature decrease. Furthermore, the temperature 
of surface ocean ^pitmrs surrounding an operating OTEC plant -may 
be l<^)^ered a few^^ 
mg pn/wnere plant is sitec 

perat,6res wou/f/ deqraldBM^^lart t e f ficiency , ^ compute r modeling studies 
will/ indicat4/ W3ter discharge patterns and methods which would alle= 




s^^an 



be developed for heat 



iegre^.5 below previously normal levels , depend- 



ed. 



Since lower surface water tern- 



viafte this /p'otential problem^ while laboratory tests and literature 

Bparclnes wfll help determine the extent to which typical biosystems 

/ _ ' // - 

u Id be/ / mpB c t e d by p re s s u tb , t e mp e r a t u re , and salinity c h c3 n qes . 

/ On the ^.^.^h er hand, the artificial upwe 1 1 i n o of de e p ocean wa ta r 



ve DOS L t i ve conseauence s 



The nut rien t^ r i ch cold water 



may h^. 

p^umpd'c^ to the s u r f a ce mav he 1 p e s tab 1 i s h commc r c i a 1 k e 1 p f a rms 

or ^^'sheries by onhancina bioloqical growth in the vicinity of 

OT^:^ plants y - ' ' 
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3. Potentially Toxic 'Effects of Working Fluid Leake-* 

Since in each OTEC plant millions of /square feet of hea-^ exchanger 
surface area will be subjected to physical and chemical stres&es, 
leaks may develop in the exchanger surface©^, allowing the working 
fluid to seep into the seawater* Since OTEC plants will be equipped . 
with inventory'-monitdring devices^ any significant- leaks would be , 
detected. If aimnonia. (the most likely working fluid candidate) ware 
used, the environmental impact of small leaks (less than 1 peraent 
of total inventory each da^) would probably be negligible, since the 
seawater flow would dilute the ammonia considerably. However, feince 
.much larger spills are possible (for example, if a ship were to 
collide with an OTEC plant) ^ dispersion modeling could be used tO" * 
deteriftine the probable extent of ocean area impact. The specific 
.effects on local marine species impacted ^by a' large-scale working 
f luid spill could be 'determined 'by laboratory testing, 

• 4, Potential Ecological Impacts of Biocides^- 

. Chlorine has been suggested for use as a biocide to prevent bio- 
fouling on the seawater side of heat exchanger surfaces. Although 
prbposed initial concentrations in an OTEC plant are 10-50 timeB 
greater than EPA's acceptable limit for marine waters, tho^ concen-- 
trations would be diluted quickly by ambierit /sea water beyond the 
immediate discharge area of an OTEC plant. The rate of dilution 
cou^d be determined by dispersion modeling; laboratory studies 
'^^fe'Yl^ h^lp determine which marine species would be affected and 
to 'what degree by the chlorine discharge. This potential problem 
may be circumvented altogether by the use of mechanical cleaning 
devic^ ^(e.g.^ the periodic passage of rubber balls through heat 
exchanger tubes) t anti-biof ouling chemical coatings on exchanger 
su^aces^ 'or the pos^sible meanipulation of heat exchanger surface 
propertiGs. ' However^ mechanical cleaning devices probably will 
not work if potentially more efficient plant^and-^ f in heat exchangers 
a re used . 
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5. Pot'ential Worker Safety Problems ' * 

The use of diffe^rent chemicals in OTEC plants (e , g. , 'aimnonia ob 

propane* a working fluid, ohlorine as a biocide) could endanger the. 

safety of construction^ operation;, or maintenance personnel For ( 

instance , ^ a mildly"^ tbxic gas is produced w^en ammonia is comb^ined^^ 

with seawater. On the other hand^ ammonia's strong odor below ^* 

tpxic levels would provide a warning of possible danger* The 

possibility of fires or explosions would be especially serious 

if propane were chosen as a working fluid, which seems linlikely 

at the present time. However^ safety procedures and guidelines 

would have to be established to govern the use of any potentially 

dangerous chemicals ^aboard an OTEC plant. 

. ' * * 

^6, Potential Cximato] ogical Impacts of Lowered Sea Surface 

Temperatures . ' - - 

^ An OTEC plant's artifical upwelling of vast quantities of cold, 
deep water may^ lower by a fewMegree^ the surface temperab^re/6f the 
ambient ocean. A slightly lower ocean surface temperature may lead 
to a slightly lower local air temperature/ Anomalies in the 
aocal microclimate caused by the ^operation of a single OTEC * 
plant may be significant, depending on the site chosen. The 
climatological impacts of several plartts operaU^g in the ^ 
«ame general ocean area may be even more serio^, although im- / 
pacts will be limited by the need for each plant to maintain 
adequate temperature differentials. 

7. Social ^nd Institutional Impacts \ 

Because OTEC components could ^be built on shore in exist- 
ing coastal shipyards using existing construGtion .techniques 
x.^arid m|jterials, especially those typical for deep oil drilling 
Viqs, the development of OTEC systems should have few = social 
impacts beyond those associated "^^ith any large con struct ion 
project. FiowevGr, djjo^j-water protected areas near deployment 
sites likely will be required for fi^al assembly, causinq trans = 
portation and support problems typical for mny deep-^water con = 
structLon pro]ect. Some OTEC plants may contribute base = load""^ 
ePoctricity to oxistinci qridH^.but: thqy should have few unique^ 
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impacts on utilitiee* However, exploitation of thermal re= 
BQurceS in ocean areas beyond the jurisdiction of an indiv-- 
idual nation may introduce problems regarding the rights , , 
r^^ojisibilities , and liabilities of| installing and operating 
energy^producing plants in international waters. ' ' 




SECTION II 
TECHNOLOqY 



History of Technology 

^. 

The basic thermodynarnic j law underlying ocean thermal . 

.energy conversion (OTEC) , a process for producing energy from 

the difference in tempera tia^e between surface and depp sea watef, 

was promulgated more than 150 years ago, ^Imost a century ago, 

the principle was related specifically to the ufee of sea water 

as a power* source ^ and ful^^cale demonstration ppwer plants 

have been built within the- 'last 50 years. /Although an pTEC plant 

has never produced electricity commercially/ its operating prin^ 

■ . s 

ciples have been clearly defined and technically demonstrated. 

In 1824, Sadi Carnot, a French engineer/ wrote in his Re - 
flections on the Motive Power ^ of Heat - 

ft 

The production of motion in the steam engine 
is always accompanied by a circumstance which 
we should particularly notice* This circum= 
stance is the passage of caloric from one body ^ 
where the temperature is mote or less elevated 
to another ^^^here it is lower**.* The motive 
power of heat is independent of the agents em- 
ployed to develop it; its quantity is determiners 
( solely by the temperature of the bodies between 

^hich, in the final result, the transfer of the 
caloric occurs * 

t ^ ■ " 

In other words, man's ability to convert heat energy into^mechan^ 
ical energy in any heat enqine is limited not so much by. the tem- 
perature of the heat source as by the difference in temperature 
between the hea^ into anfi the heat out of the engine * The di f 
/ fere nee in temperature is the real source of power ^ and the 
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efficient transfer of heat within engine the most impg^tant 

question I Carqot's studies - eatablished that, at least theoret- 
ic>ally, any differenee in temperature could be used to generate 
*pow#r. - 7 ' . 

Jult over 50 years later, the ability Qf ^'natural- forces" 
to produce electricity was debated theoretically in the pages 
of a French magacine, La Revue Scientif igue . ^ thp^eptember 



17,,..1881v issue ,^ jacques d'Afiponval utilized Carfiotl^s' principle to 
hypothesize a process for prgducing temperature gradient power, 
"He suggested operating a closed system in which a wo^krfng fluids 
possibly liquid sul/ur dioxide, would be -vaporized by the warm-^ 
(30°C) waters of the spring at Grehelle, then condensed by colder 
(15^d) river water, "the /e&ultin^ pressure drop across the system 
providing a constant source of power. He nc^^tf^that many places 
in the world could Turnish the necessary temperature differentials 



^ Ideally, the evaporator could be immersed in \^he equatorial seas 
and the condenser at the poles, but he noted tha^ the equatorial 
sjas alone might suffice, since the temperature 1]000 meters below 
the surface was 4^C* * . ^- 

D'Arsonval's student and friend; Georges Claude, verified 
d'Arsonval's hypothesis experimentally before the French Academy 
of Sciences on Novomber 22 , 1926 ,*,when his^ thermal gradient engine 
produced three watts of power to light three small Jamps, Claude 
preferred Y^ter in an open system^ over sulfur dioxide /6r any other - 
qas in a closed system, because it was cheaper artd he Tclt it would 
transfer heat more efficiently through the inevitably dirty walls 
of his boilers. After his initial experimental success , ''~1ie pro^ 
ceeded to build a 60 kw plant in the industrial complex at Ougree^ 
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Marihaye^ near Liege ^ Belgium* By June^ 1928, he succeeded in pro- 
ducing electricity utilizing the*20^c difference between t^ water 



1 

o"f the Meuse River and the codling water of blast 'furnaces 



Buoyed by his continued success, Claude deaided to build ah 

experimental ^OTEC plant in the ^ropdcs to' take advknt^ge of greatec^ 

temperature differentials and inexhaustible supplies of sea water* 

On the coast of Matanzas Bay, 100 kilometers east of Havana J Cuba, 

he built a powerpiant that by the fall of 1930 was producing- 22 kW 

3 / ' t " ^ . 

of power* However, ClaudeM^ras able to drop his cold^ater pipe 

only 700 meters below the surface of the sea. The resulting tempera- 
ture differential of only 14^C, the low vapo^ pressure of s^ water, 
deployment problems with the cold water ^pipe, "and temperature fluc-^ 
tuations in the Gulf Stream caused Claude to shut down his plant. 
Although Clause/ s Cuban OTE^ plant Was economically inefficient 
(Cuban electricity was purcha&ed to help run the pumps) , the ability 
to produce electricity from ocean temperature gradients iiad been 
clearly demonstrated. 



After he l^ft Cuba, Claude's enthusiasm for the temperaturp 

gradient . power principle continued unabated. He hopetf to overcome 

*30i]pe o=f the engineering and enviro^^ntal problems he encountered 

in Cuba by building a power unit aboardi^^ 10,000 ton steamer, 

Tunisie , with which he hoped to produce 800 kW, He stationed the 

ship off the coast of Br^azil in 1934 , dropped his cold^ster pipe 

intiS the waters beneath, and, after a lengthy series of technical 

and personnel problerns, fijially operated history's first ocean- 

4/ 1 , 
going OTEC power plant, . 

Other French scientists carried on Claude * s ° ideas and his ■ 
work. Further research led to the formation in 1948 of "Energie 
des Mers" for the explicit purpose of building an OTEC power/ plan^ 



J 
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on ths Afriaan Ivory Coast at, Abidjan- French scientists hoped 

their 7000 kW shoreline power plant ^»70uld utilize, an offshore 

, o ^ ' 

temperatuare differential of 20 C to produce both power and pot» 

able water. Construction was begun in the early 1950 -p^ but the 

project was hindered by many of ^ the s^me technical prdblems thatf 

beset Claude in Cuba: the iminersion of a large diameter pipe in 

deep ocean water, intake of fauna in the cold water pipe/ corro-- 

sion^ power ^03 s in pumps, and inefficient temE^Wature- different 

0- tials. The French finally . abandoned the proje,ct in favor of a 

cheaper hydroelectric plant, * 

After the initial 100 years of spbradic investigation into 
and experimentation with oceanj thermal energy conversion, mostly 
by French scientists and technicians, the u.S, Federal government 
became interested and involved in the early 19 7i0's* "Spurred pn 
by increasing energy demands and. dwirtdling energy resources/ the 
Federal government began allocating increasing sims of money for 
research' into all phasGS 'Of solar energy. Ocean thermal energy 
conversion was fi^t funded in FY 72 for $84 ,000 , followed by 
^ $230,000 in FY 73, $730,000 in FY 74, $3;000,000 in FY 75, $6,000,000 
in FY 76, and $2,400,000 in the transitional quarter, . 

Federal funding for o'teC research probably will continue to 
rise during the next several fiscal years. According to ERDA's 
Program Approval Document For Solar Energy Develop ment ^ (March 5', 

1976), $9.2 million are projected ■ for FY 77, $26.1 million for 

i ^ - 

FY 78, $85.3 million f^r F\79,and $23*1,6 million for FY 80. 



Increased Federal iTionies haVe nurtured increased involve^ 
ment ^by th^" American acadefnic and industrial communities. The 
'= first public OTEC workshop, convened to review the status .of 

the ^hatipnal OTEC program, was held at Carneaie^Mellon University 
(CMtV'K_=j.^n June, 19 73 ; the second was held in Washington, D C. In 

J . 
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September, 1974^^ At the' third and latest workshop, held m 

Houston in May J 19 75, 150 representatiy^es of., indusiry, univer^ 

s^itieS/and government raet'to present; listen to, and discuss* more 

than 30 ' technical reports on various aspects of OTEC technoTogy . ^ ^ 
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B'. Basic Technological Concepts 

1^ Introduction 

; ■ The\asic operating principles of an OTEC powet-plant 

have remained unchanged' since d'Arsonval proposed • them almost 

roO years ago. The ocean is ^or all practical purposes an infinite 

heat source, converting and storing the incident solar energy from the 

' s.un in^the form of . warm surf ace water. The warm water is pumped 
through an evaporator containiijig a working fluid in ^a closed 
Rankine--cycle system.'* The vaporized working fluid driveSi^a gas 
turbine which provides tHe plant's power. Having passed through 
the turbine, the vapor is condefeed by colder water drawn up from 
deep in the. ocean and then pumped back into the evaporator for 
re-use in the same cycle. -No '*fuel'' of any kincl is used; the en- 
closed working f>uid simply is evaporated and condensed over and 

.^-over by the warm surfice and colder deep ocean^^water (see Figure II-l). 

The open R^ankine system tested by Claude operates -in much the 
-same way^ except sea water itself is used as the working fluid, 
obviating the need for heat exchanger surf aces . Warm surface^sea 
water flows into an evacuated evaporator where the lowered pres-- 
sure causes it to boil. The steam produced passes through a turbine, 
after which it is condensed by cooler ocean water. Again, no "fuel" 
is used- 

Howevpr, althoiKih OTEC oppratinq principles arf simple and well 
known, both the closed and open cycle systems pose complex engi- 
neerinq and cost problems. In both cases, the small temperature 
difforcnMnls f approximately 40^F vs. lOOO^F in coal-fired boilers) ^ 
diGtate tha' .urge quantities of water must be pumped,- the pumping 
power bo>inq subtracted from the net power of the 3ystem. Additionally, 
the clnsod svstom^ faces problemB in efficiently transferring heat 
over larqo Burfaca ^iroas^, w;i!. lo conF^l: run t ion and maintenance of large 
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FIGURE 11-1 



SCHEMATIC DIAGRAM OF OTEC POWEfl CYCLE 
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^mcumni ericlos.ures and the design and manufacture ot low pressure 
vapor turbines with rotor' diameters on the order of 100 feet are 
needed for the open system., ^ . ^ 



Several different research teams have been working to overcome ^ 
the problems of both closed and open systems. One of America -s OTEC 
pioneers^ J. Hilbert Anderson, and his son, j;ames H, Anderson^ Jr.^ 
have been publishing their OTEC studies since the ^ mid- 19 60 - s and have 
formed Sea Solar Power, Inc., to advance work on a/closed OTEC sys- 
tem. Clarence Zener, who also worked on OTEC systems during the 
1960 *s, is currently with a team at Carne^ie--Mellon Uni^versity which 
has been studying conceptual designs for OTEC system components. A 
University of Massachuse tts/Amhers t team has been studying OTEC pos-^- 
sibilities in the Gulf Stream off Miami ^ Florida, since the early 
1970 *s^ while Johns Hopkins University's Applied Physics Laboratory 
(AP^L) has been assessing OTEC ' s engineering and economic^^ feasibility . 
Two industrial teams, Lockheed and TRW^ have prepared sfeudies of com- 



lete hardware systems for OTEC power production at sea usinct state^ 
of^the-^art technology and current material, and product prices . "^^^^^^ 
(See Figures II-2 and for drawinqs of Lockheed and TRW" models.) 

Although closed cycle OT'EC systems seem to hold the most promise 

for the imrriediate friture, current research is also being carrie^ out 

on the open system. Hydroynautics ^ Inc--^ has been studyirig the 

engineering feasibility and probable costs of an open-cycle OTEC 

system utilizing^' falling film direct contact evaporation and ci^n- 

densation. An open--cycle system using low-pressure steam has been 
12/ ^ ' 

proposed; n modification has been suggested to util^ize foam 

13/ 

instead of water vapor or liquid. Finally, ^ the Colorado Schooj 

of Mines has been involved in^.a studv of turbines applicable to open-- 
cycle OTEC systems. 
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2. Heat Exchangers 

If closed cycle systems are to become increasingly feasible 
both technologically and econoniically OTEC proponents pjoint out 
that further intensive engineering clevelopment must be carried 
out in several key areas, the most important being heat exchanger 
design an cl construction. 

The heat exchanger^s are probably the single most important 
component an OTEC sfstem, both in terms of operating efficiency 
and cos t-ef f^-cti^eness , since the efficiency of the heat exchangers 
in trans ferring= heat f rom ^-he water to the working fluid and vice 
veBrsa will significantly afftBCt plant operation, ^ The measure of a 
heat e Kchangciii^ ' s ability to perforni efficiently is its heat trans- 
fer coef ficient, . U, measured in Btu/hr--f t"-^F. U is a function of 
both construction material and, design,- and it is further influenced 
during operation by exchanger resistance to corrosion^ erosion, and 
biofouling by marine organisms. In terms of cos t-e f-f ec ti veness , how- 
ever, the optimum heat transfer coefficient must be v;eighed against 
the initial cost of exchanger materials and construction and their 
expected longevity. ^ 

Several di fferent mate rials have been considered for heat ex-^ 
changer construction,- but presently only four seem to be Realistic 
possibilities: titaniAim, aluminuni,- 90/10 copper^nickel , and plastic. 

Titanium is being seriously considered as ^ a heat exchanger 

material because of Its excellent resistance to sea water corro- 

s i o n a n d i t s. -a b i. L -i_ t y t o w i t ii s t a n d h i qf\ v/ a t e r f 1 o w ve 1 o c i t i e s w i t h o u t 

eroding. Its strength and durability ^also 'recommend it, since 

* " if 

thinner 'tube walls would allow .easier heat pa&sage * and longer tube 
life would minimizG maintenace, repair^ and replacernent c©sts, 

Fiov/evor, titanium poses potential availability and cost problems. 
Although titanium is uhe ninth most abundant metal in the- cruBt of th 



1 

earth, American induHtry currently has the c-^nacity to produce 
only 18,500 short tons of titanium per year, ^ Consequently, 
-u-rent litunii-m prices are hiqhar than those of the other heat 
exchanqer material candidates. However, titanium production 
rnuld be incrrascvl marked Iv with krmwn toehnoloqy, thereby re- 
ducing cost and mcreayinq availability. 

Because of tilanium^s^current cost and potsible availability ^ob= 
lems, aluminum has been suggested as an alternative. ' It is now 
cheaper and, much more plentiful, but it is structurally weaker 
and more susceptible to sea water corrosion. It has a shorter ^ - 
. li^e expec Lancy in an undersea environment, but lower initial costs 
may cornpensate for later replacement costs. 

The^ 90/10 corjper=nicI:e I alloy being considered as a *^iea# exchanger 
material has been extensix^ely used in both; land-based and shipboard ^ 
power .plant condensers usinq sea water as a coolant. Since in lbs 
^ionic state it is toxic to certain marine life, it would probably 
inhLbit^ biofoulinq_eJfectively in the heat exqha'nger tube^ This 
advantaqe, however, v/ould have to be weighed against its potentially 
toxic effects on marine life in the ambient ocean waters. Copper- 
nickel also resists corr^osion due to seawater very well; however, 
seav/aLer mivf^j with ammonia could corrode copper-nickel surfaces 
extensively. Because of copper's incompatibility with ammonia, the 
nost: likel\' OTEC v/orkinq fluid, its use .as a heat exchanger material 
niav pr^jcl udt"vJ , e^ = 

Flei:: exchanqers may also be fabricated from plastic^ if technical 
prq!)h.qu:; uui^l'p■ fo i h-;- use .of [d.astic can be overcome. For instance,^, 
the sincrle plastic resin or combination of resins best suited to 
Iqnq-term underwater use must be found,. Furthermore, since thermal'*- 
cnnduet- i ^^ i mus t ma:: i m i. :^ c , special rir aplfi te= f 1 1 led , mul M.^ layered 
j,q,iqf;i^' n-nqemals ma\^ us^"-! to enhance the ' thermal and hydraulic 
[j rorq;^ r t i.re^ or el a:^ t i.c" e:<ci"ian rj r surfaces^ If a plastic material can 
be ^de ve lorjed t-q, v/iLhstAnd th-"^ stresses of use in heat exchanqers, 
OlteC idant ca^qf al cv.:;t's nirv ^ :.q- ! lee r^^ vi sr^f! siqni f i.canrKy. 



^ The final decision on heat exchanger materials will be in- 
fluenced to some ext%it by exchanger design and .vice versa. 
Two basic desi gns are under consideration : shell ^and*- tube and 
plate--an^^f in . The shell--and^ tube exchanger seems the most viable 
at the ,moment, since it is wid^ely uped in industrial heat exchange 
operations. Plate^and--f in exchangers, on the other handV have not 
b^feen built on the" scale needed in an OTEC plant. 

3 . Bio foul i ng ConC ro 1 ' % ^ 

A4.-^houcjh it is not cle^ar to what extent marine or ganisms >/i 1 1 
foul the §-ea water side of h^a t ^^xchanger surfaces, the potential 
^for inefficient heat transf#P due to ^ur^lerwater biofouling has 
led to extensive research on both the extent of biofouling to be 
expected and different methods of countex^acting it. Biojfouling 
effects wi?l be less severe in the. condensers^ than in the evaporators, 
since cooler^ deeper water is much less conducive to micro^opic 
life than warmer surface water. However^ ^liy biofouling 
will be unsatisfactory, since maximum heat 'excha^.ge is the life 



principle OTEC ^plant 



4 



f The selection cTf a site v/ill influence the decjree tp^ which bio^ 
fouling affects plant operation. Although marline biota ''are mc^^e 
dense in coastal waters ^lue- to the increased^ nutrient content 
qBj land runoff., an OTEC plant operating in the open ocean may also 
be^ffected. Nutrient enrichment caused by artificial >U[3welling' 
wi^l promote biofouling no matte. c; where ^OTEC plants are sitpd. 
Pa:^t.icular sites will have to be tested indi viVlual ly to ascertain 
the specific typos and concen t rat Aops of marine oiiganisms present. 

jThe water at the candidate sites rmst also be sufficiently deep ^ 
so that the cold water pipe ^ill- r^-Ot draw orqanism-^rich water 
from nea.r the ocean floor. Moreover, Geiftain biota may adhere 
to^heat exchange^r' ■s-unfaccs in the event oi flow shutdown (i.^e-, 
durincj storms anc? maintenance^ etc/) , They would h^ivn^ to be 
removed be fore oporal: ion,a^teBumed. 



/ 



I Biofoulinq problems can nurbpd somewhat by requlating the 
flow of water throuqh the exchanqer system, a sea., water flow of 

b ft/sec, orqanisms havp mgre difficulty attachinq thamseLveB to the 
. tube walls than at slower speeds. OTEC researcheyH— are also studying 
chemical ( chlprination^^^^^echanical (the use of brushes or rubber 
balls), and material (exchanqer surface coatinqs) means of preventing 
biofoulincf. 

4 . - Working Fluid " " ^ 

The choice of the best possible working fluid for the closed 
system IS also ^important for the development of OTEC power planes. 
The flui^^^-^st not^only have the heat transfer characteristics and 
thermodynamic properties necessary for ^¥^^ient energy conversion, 
but it should als% be compatible with' the material chosen for heat 
exchanger- construction, readily avaiaable a reasonable c^st, 
safe to^ work with, and non-toxic the environment in case of a 
.leak. 

Three fiuids have been seriously considered for use in OTEC power 
plants:^ aminonia, propane ^and the fluorocarbon R 12/31. However, 
R L2/3i has demonstrated the' poorest ^jLermal characteristics of the 
three and the National Marine Fisheries Service has noted that 
besides posing potential danaers to marine life if leaked into the 
ocWan, it may escape into- the atmosphere Where .it co^d tend^ to des-^ 

•t^^V- the protective ozone layer. Consequently, ammonia and 

propane arc-^ the leadinq candidates for OTEC working f\uid use, and 
the final decision will -robably be influenced by the heat exchanqer 

..iiaterial chosen. 

F^ropane is bein-f coiisiderod bocausa^of its low cost and hicrh 
dcnisitv at operatinq ^onditions and its relatively low corrosive 
eidect on [jotentlal h^cAt^ exchanqer materials. Ammonia, on the oljier 
iianf-t, LS hLqhIy c? e" r^js i,\^e to coiMjor and caliper allo\^s, ^ Yet ammonia's 
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working ohaActeristics are superior to propane ' s . It has a itiy,ch 
higher therinal conductivity and heat of evaporation, and cfnly a 
slightly, lower heat capacity. Since it is less flaniniable than pro- 
pane, it poses fewer safety hazards. Furthermore, an ammonia * 
leak into the ocean ''may have only a t©flT|3^SBry local effect, since 
it is highly water soluble. Sufficiently diluted, it may ev^n serve 
a nutr4,ent for marine biota. 




5._ Energy Utililation ^ ^ ■ , 

^2 The ener<gy produced by an OTEC plant has , to be transmitted " 
-^to consumers and,' for a |ipHerplant floating some difetancq at sea, 
solutions to thei transmission problem may be complex and expensive. 
However, if OTEC plants can produce electricity cheaply ' enough , 
consumer savings in energy costs will compensate for any added 
costs of transmission. 

An OTEC plant will generate alternating current; most land-^^ased 
power users demand alternating current^. Therefore, the energy trans- 
missiotj^problem could be solved simply by connecting the power plant 
tn the otility via an underwriter AC um±)ilical cable. For short 
distances (less than 20 miles), an AC ocean- to- land hook-up may,.—- ' 
be economically feasible. At distances greater than 20 miles from 
^;3hore, AC transmission losses plus the. cost of the third con- 
ductor necessitated by alternating current indicate that direct 
current t rlinsmission may be eGOnomically and technically more 
Ceasiblo. Uownvor , DC transmission will incur a cost penalty 
for the power'HconvGrsion equipment needed at both ends of the 
underwater enable. ^ 

At some di s tance._;^-rom land, however, the transmission of electri- 
cal energy via underwater cable will become prohibitively expensive, 
^Thcrefore, other means of utalizing OTEC produced electricity will 
have to be deve Loped. " ^ 
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Electricity in an OQean environment can be used to produce dit> v 
^ ferent energy intensive materials, provided the electricity is cheap \^ 
enough to make the processes economica](.ly feasible. For inBtance, 
sea water^ould be electrolyzed to make hydrogen-; liquified Jiydro- 
gen could then be shipped by tanker to cons'umer ports for us^^-o^ - 
hydrogen power cells. Liquid oxygen may a vaiuable byppToduct of 
the ^hydroqen^producing process. Nitrogen from the ambient air could 
be added to the hydrogen to pro_duce ammonia, which presently is in 
greater demand than liquid hydrlgenp^ Electrolysis of sea water may * 
produce significant quantities of chlorine^ caustic soda, and mag- 
nesLum. Furthermore, if the neceisary raw materials can be trans- 

,porteU^tJ&' the OTEC plant, the electricity could be used to produce - 
aluminum, from bauKita or liquid natural gas^ f ^om coal. \ Any of these 
energy-intensive products could be shipped d^^ctly from an OTEC 

'plant to markets anywhere in the world. .Wferefore, since OTEC plants 
may be sited near potential markets, the cost of transport ing. either 
raw materials or their products may become a less important -Consider- 
a t i om . 

^. site Speciticat-ion 

The identification of adequate sites be an important step in 

th|:. redevelopment of-=O.TEC's pot-ntial . Since OTEC depends on^ the dif- 
fere'hce in temperature betv/onn surface knd deep ocean water, a specific 
site must demonstrate a temperature differential sufficient to 
quarantee efficient plant operation year round. , A number of^such 
sites can be found world-v/ide between .+ 20° of the tSquator. 

Furthermorfn"it has been estimated that plant costs a:^ affected 
GxponbiijJ^arfly by tha toiLiperature . di f f erential : ^ '^■^ 

Whc^re Cj - cost at site 1 
c:.j coRt it site 2 
^■'i tQ:nf>.M-.;i. t urr^ -l i T f cj re n«;o :A\Ay\] 1. ' ^ 

aT^ - tomperature diffrGrcnco at site 2 
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This c^^st impact is caused principally the smaller amounts of 
*lxch^nger material needed at sites'%/ith greater tempe-tature differ- 
en^als. TherlfQ^^e, a specif ig/ site must be ofcosen before a plant' 
gosts can be accurately predicted. ^ ^ 

Finally, both the environmer^f s effects on the plant aiid "'the 
plant's effects on the environment will have to be considered. 
LOW . current, wind, arid wave velocities are desirable for stable 
plant mooring and/or positioning, but high current velocities 
would aid in the dispersal of effluent waters.- Major storm' 
areas should be avoided. On the other hand, the 'impact of y- 
OTEC operations on the local ecology will also have to be cdn- - 
sidered in the selection of OTEC sites. . \ 
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SECTION III 
.ECONOMICS AND. MATERIAL REQUIREMENTS 



Introduction 



S^.ce neither a clemoils tration nox^ a' pro tcD type OTEC powerplant 
has yet been built in the U.S.; the 'econornics of^ the system are some- 
what uncertai|i. Even though the heat exchangars, .for iostahce^ are 
the single most expensive subsystem of an OTEC plant, accounting for 
50.-70 percent o^ the .^4:gtal ^initial' capitar outlay, OTEC researchers 
havB mot yet rj^ched a'consensus of opinion on the design or materials 
to be used. Furthermore, until a specific site is chosen, the economic 
effects of the javai lable temperature differential, its f Tuctuations^ 
over a year, §jid local biofouling will be difficult^ to determine 
.precisely. More component testing and laboratory modeling are needed, 

in order to develop more exact cost estimatas. 
♦ 

0 

B. Cos ts , 

Early calculations of both th"$ initial capital cost and the 
cost per kilowatt hour imply a favorable ^conomic future for OTEC 
technolggi^- Although the first units built will cost considerably 
more p^j^ kilow;att than fossil^f ueled or nuclear powerplants, ex^ 
pec ted savings due to technological improvements, assembly line 
production, lower operating and maintenance costs, no fuel expense^ 
and long life operation may allow OTEC powerplan t^to-^ecome 
economically competitive with more conventional Aiergy sources by 
the 1990»s . . 

I^rly estimates of the capital cost of an OTEC powerplant 
varied widely, since the different OTEC proponents assumed dif- 
Cerent temperature differentials, different design parameters, 



Mid different 'laatarials for the TOrkin^g fluid and heat exchangers. 

J.. Hilbart Anderson was the first -Mercian to publish an OilC 
■ ;a? * ^ desi^ Md eost estimate i in 1965 ^ ha' calculated thftt a 100 MW 
$^^^P^^%^^:^^ oomt on the brdar of $165/kW.^S/ Evep if the effect 
" M/^vOtc^f irifilation-is added/ that figure is generally considered 

Vtoo low* More* recent estimates the several OTBC proponents 
. / ilr^' iiitted in labia ^^XXiJ^. 



*^Bven though these estimates are^ in 1974*1975 doll^rS/ 
they vary because of ^tl^e different assumptions mantioned above. 
Furthermore / the University of Massachusetts r CMU^ and APL all assumad 
that varioM aspects of OTEC technology could be developed or im* . 
proved with a minimum of rasearch* eonsequently # their figures 
' geirerally reflect the capital cost of an, OTEC plant after a period 
'df research and development, TRW and Lockheedr on the other hand^ 
were constrained ^in their analysis to state-of-the-art technology 
and costs. Their^igures represent the capital cost of an OTEC 
plant if it were designed and built tQdfy. 

CMU researchers i have studied vthe capital cost figures listed 
in the table and have recalculated them assuming identical tempera- 
ture differentials and cost per square ^ot for heat exchangers. . -^^ 
That compariipn is also iisted in Table III-I, With identical as- 
sumption! , %he capital costs prpjected by the various OTEC re- 
searchers fall within a reasonably narrow range of $1 , 540-$l ^995/kW. 

OTEC capital costs projected through th6 year 2020 are listed 
in^ Table 111^2* Assuming the first units will be built with present 
technology^ the cost range for d985 fbflects^the' present difference 
between TRW and Lockheed figures ^ due mainly to different working 
temperature ^ differentials , 
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TABLE III-1 ^ 
CAPITAL cost COMPAmSON 



m 

% 


CAPITALCOST/ 
EXCLUDING OPERATING 
COST, WITH SIMILAR 
HEAT TRANSFER CO^ 
iFFICIENTS 


CAPITAL COST/ 
iXCLUDING OPERATING 
CGST, WITH SIMILAR 
- HiAT TRANSFER COEFFICIENT 
TWIPERATURi DIFFERENTIAL, 
^D HEAT EXCHANGER COST 
PER FOOT ' 


CMU . 


S1,1&7 


$1,99S 


U. MASS 


712 


NO DATA 


APU 


357 


1 .540 


TRW 


1,812 


1,654 


LOCKHEED 


2,594 


1,901 



Source: Progress Raport; Sol ar Sea Power Projact 
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TABLE 111-2 
OTEC COST DATA 



VEAB 


CAPITAL COST* 
($/kW) 


OPf RATINQ 

COST 
(milli/kWh) 


LABOR RiQUI REMENTS 


USER COST 
.^^fNiRGY^JNIT. 
(mnis/kWh) 


OPERATION 
(MAN IVfONTHS/YR) 


CONSTRUCTION 
(TOTAL IVFAN MONTHS^ 


1975 


N/A 


N/A 


N/A ^ ■ 


. ., .... . y . . ^ 

N/A 


NfA 


1985 


2100 = 26dO 


1.7 


32 - 35 MAN CRiW 


7 - TOx 10^ 


42-51 


1990 


1400 ^ 1900 


1.7 


32 ^ 35 MAN^I^EW 


7 10 X 10^ 


29^38 


2000 


1000 - 1500 


1.7 


32 ^ 35 MAN "CRIW 


7 - 10 K 10^ 


21 ^ 31 


2020 


700 - 1200 


17 ^ 


32 - 35 MAN CRiW 

— , — 1 — 1 


7= 10x10^. 
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ASSUMPTIONS AND DATA SOURCES ^ . 

• 0 9 PLANT USE FACTOR 

• 0.15 FIXED CHARGES RATE 

• USER COST - CC(.15) + OM 

(.9) (8.76) 

^ • CAPITAL COST RANGE EFFECTED BY OCEAN SitES WITH 19^C < T < 22^C 

• EFFLUENT WATER WILL NOT INTERFERE VVITH PLANT OPERATION 

• NO TRANSMISSION COSTS INCLUDED 

_ _ W _ . * _ , " 

• SITES NEAR ENOUGH TO CONSUMERS SO TRANSMISSION WILL BE ECONOMICALLY 
FEASIBLE 



THIS CAPITAL COST FORECAST ASSUMES THAT COST REDUCTIONS EFFECTED BY TECHNL 
LOGICAL ADVANCES WILL OCCUR SEPARATE FROM AND AFTER REDUCTIONS AFFECTED BY 
THE MASS PRODUCTION OF POWER MODULES. HOWEVER. SINCE SIGNIFICANTLY IMPROVED 
HEAT EXCHANGERS COULD BE DEVELOPED MUCH MORE QUICKLY, CAPITAL COSTS COULD 
BE REDUCED MUCH MORE QUICKLY 



Suurce: EE A. Inc. 
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' Thm projected savings in capital costs attributable to both 

ii^roved' technology and large scal^ implementation are reflected 
In Table IV' 2 as the ^anga of estimated costs-^n 2020. However / _ 
since OTEC technolo^ nwst likely will improve at the same time 
^ mass ^rb^uction reduces costs, the capital cost levels projected 
;£bi? 2020 in fact could be reached earlier, ; 

'*L£fee most solar technolQgies, OTEC is capital-intensive; 
larger amounts of capital will be needed to construct ari OTEC 
plant than are presently needed .for a similarly sized conventional 
power plant, ^ feowever, since GTEfc' power is derived in a low tem*^'^ 
pa^ature-low pressure environment, OTEC plant components may 
last much longer than those of conventional plants. Heat eKchangers 
made of titanium may^have a useful life of 35 years; the hull 
itiilf 'could conceivably last a century. Consequently / user 
cost in mills/kwh may more accurately indicate the relative cost - 
of OTEC power. 1 . ^ 

C . Material Requirements 

Without a working prototype or a demonstration models it is 

-difficult to accurately predict the material needs of an OTEC 

plant. In general, however, neither material nor construction 

facility needs should strain current or projected industry 

capabilities. Depending on final design configurations, the 

hull and cold water pipe will most likely be constructed of 
' - i - _ _ 

some -combination of steel, reinforced concrete, or fiberglass. 

Fabrication of components will probably take place in ship-- 

building yards using many of the same techniques as m the con^ 

struction of dpep sea oil drilling rigs, while final assen^ly 

will probably occur at protected deep^watef sites. 

The construction of heat exchangers could necessitate 
.the expansion of the current titanium industry , if titanium = were 
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chpeen as the heat exchanger material , If ERDA's latest^ projection 

- - fi/ - 

of OTEC power availability in the year 2000 (20^000 MW) ■ were to be 

fulfilled using titanium heat escchangers at the/present projected 

usage rate (3700 tons/100 l^) , OTEC heat eKchangers would consume 

approximately 40 years of current U,S, titanium production capacity. 

The only other potentially limited reeource needed for OTEC plants 



is the working fluid. If ammonia ^^fe chosen, each J.00 MW OTEC plant 
would need- approkimately 3 x Ib^ pounds* Since this inventory ^. 
would not have ' to be replenishedMeKcept ^ case of a leak) ^ and 
since ammonia may eventually be produced at sea using OTEC electricity^ 
the deployment of OTEC plants should not strain ammonia stipplies. 

An OTEC plant ui^es no "fuel"; therefor#, fu4l cost and availability 
will notp constrain OTEC Qevelopment, ^ A constructed OTEC plant needf 
only an adequate temperature differential to produce electricity^ and 
. a ^^^rtually limitless supply of sufficiently warm ocean surface water 
lies within 20^ of the equator. ^ 

"^>/ Comparison_ and Displacement of Alternative Energ^ Sources | 

Ocean thermal energy conversion^ systems icrm unique among the 
solar technologies in the sense that .their operation will not be 
interrup*ted when the suh does not shine # Solar energy is continually 
con ve rted and stored in the form of warm ocean surface waters Except 
for slight diurnal and seasonal variations^ the temperature of these 
waters remains fairly cortfetant. Consequently^ OTEC plants will be 
able to operate 24 hours a day, year-round, without the added expense - 
of either energy stoi^age systems or conventionally fueled back-up 
power systems, ^ ' 



OTEC plants are therefore the only solar technology capabie of 
generating base-load electricity ' without large-scale storage^ capa-^ 
cities. Since OTEC plants have the potential to produce base-^load 
electricity for existing grids, they are capable of displacing fossil-- 
fueled and nuclear powerplants, the two most common base^load electricity 
generators. # - 
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Purtherinore, OTEC plants may be used to produce energy intensive 
materials, thus displacing and saving the more conventiorial fuels - 
.currently' used in that production* For- instance , OTEC pl%nts may 1 
displace the conventional fuels used to produce aluminum from bauxite 
If hydrogen became a significant energy source in the future, ^ 
the production of liqu4d hydrogen by an OTEC plant would help 
conserve supplies of the. more conventional fuels liquid hydro^ ^ . 
gen would replace. The production of ammonia at sea would dis- 
place the natural . gas and liquid /hydrocarbons upqd in the amitlonia 
producing processes , Finally, OTEC systems may be used to' produce 
synthetic fuels (e,g,, liquid natural gas), if some source of 
carbon can be economically shipped to OTEC sites* The economic 
problems- of raw materials transpo^rtation may be lessened, however, 
by siting'^TEC plants, either near the raw material source and/or 

near the potential markets, 

.. i 

If OTEC power transmission donstraints or price structures 
promote Increased r^arine traffic or -industrial deyelorinient , 
secondary impacts ma\^ occur. Such impactS^ might arise both from 
physical alterations ^"i the environment during facility construction 
and operation and from related changes in area land usfe, popula- \ 
tion, and^ economy. Development in the coastal zones would be 
regulated by State and local land use regulations nn^i by related 
plans or procedures under the Coastal Zone Managt en^ Act. devel- 
opment of water^based industrial facilities, if it ^jurred, 
wpulj raise further questi^^s concerning potential impacts and 
appropriate jurisdictional controls . 
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ENVIRONMENTAL IMPACTS 



A. Introduction ^ ' " ... . 

Sihbe^'OTEC^ plants will operate in an ocean environment, their 
ectsJ on ocean ecosystems, climate, and bioeyBtems v/ill be the 
major environmental concerns. However, the secondary effects of 
construction of OTEC plant components and their transportation 
to operating sites will also need to be studied. Finally, the 
development of OTEC technology may inpact local institutions (^*g*£ 
coastal construction communities)^ *nd^ more ^Important; internation= 
al delations. Since the ocean is one of man's greatest Bfesources, 
its increased utilization will become a matter of growing concern 
for a 11. nations* 



) 

B* Potentially To xic Eff ects of^ Metallic |llementa 

-Current baseline designs project the need for approKimately 100 
ft" of^ heat exchange surface area for each kW of power produced 
by an OTEC plant. Therefore, a 100 MW plant would maint^n on the . 
the order of 10 million square fe€it of heat exchange area, all of 
which would be continually , sub jected to the arosive and corrosive 
forces of sea water flow, causing a certain "quantity of metallic 
elements to be dispersed into the ambient sea water every day, 
(Although the optimum size of an OTEC plant has yet to be estab- 
lished, 100 MW has been generally accepted for baseline designs,) 
The quantity of exchanger material loss will not only limit the 
useful life of the heat exchanger, but it will also partially de^ 
termine the plant's environmental impact on ambient sea water, 

[ 

The U*S, Environrnental^ Pr^otection Agency (EPA) has established 

i 

Upper limits for trace- element concentrations in marine waters 
based on recommendations fr^:>m the National Academy .of Sciences. 
According to the EF'Ai "The icceptable liniits specified in the 
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criteria for substances which exhibit toxic effects were deriyed 

by the application of scientific judgment to lethal dose or lethal 

concentration data in a manner that provides a margin of safety to 

19/ J . 

test organisms*" By determining the rate of exchanger su^^face ' 

vloss in normal flows of sea water, it should be possible to approx-^. 

imate whether- trace alement concentrations in that flow exceed ^ 

EPA limits. The types of marine life indigenous to potential OTEC f 

sites arid'therefore susceptible to metallic toxicity could 

be determined by searching the apprbpriate literature. J 

Copper/Nj^cke^ 

OTEC researchers, i^^oject that if 90/10 copper-nickel is used di 
.the heat exchangers, sea water forces could cause an exchanger wall 
thickkess loss of approximately 1-4 mils per^ year. Assuminl' 
the worst case, the entire surface ^area losing four mils of material/ 
year, 3333 ft of the alloy would be eroded/corroded out .of a lOff ' 
Ml? plant each year, or approximately 9 ,ft^ per day.' Assuming/the s.ame 
density for copper and nickel, 555 Ib/ft^ (8.9 gKi/cm3),and assuming a' 
sea water flow of 2 x 10^: ft^ ■(57^x liters) per day , *the sea water ■ 

flow at plant outfall would contain a copper-nickel ■concentration of 
0.04 mg/1, only slightly below the EPA limits of 0.05 ^g/1 of copper 
,and 6.1 mg/1 of jiickel. However, in actual pcacti^e, 4he sea water 
flow may be as much as twice as large and research to improve the co- ' 
efficient of hea^ transfer may allow' considerably smaller heat exchanger 
areas. Under any conditions the metallic concentrations would be 
quickly diluted, beyond the plant outfall. 

Yet copper-iiickel heat exchangers would seem to pose more potential 
environmental problems than any other material candidate* Two species 
of West Coast mollusks exposed to 0,1 mg/1 of copper showed 100 per-- 
cent mortality within 72 hours. Mussels showed 1^0 percent mortality 
at 0.14- mg/1 of copper within 24 hours. Copper in low concentrations 
is also toxic to oysters- Fifty percent of copepods and tubeworms 
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exposed to copper doses of 0,5 mcf/1 died within 13 and 2 hours 
.respectively. Eurthermora, 0.1 mg/1 of copper inhibited photosynthe- 
sis of giant kelp by 70 percent within 48 hours. 

Finally^ the effects of copper may be even more serious because 

it may be concentrated by marine organisms ^ allowing* it to be avaiia^ 

ble in higher concentrations in Jthe food chain^; Concentration f^c=- 

tors pf mari ne organisms are 30,00O'',in phytoplankton^ .5 , 000 in sCft 

19 / 

tissues of mullufks^ and 1,000 in fish muscle, ^ 
Aluyninum 

The use of alijminum in the heat exchanger would appear to be 

of less environmehtal concern^ . even^ though the aluminum would""pro^ 

bably erode/corrode at a higher rate than the ^copper/nickel alloy, * 

* 2 

Assuming the same total exchanger area, 10 ^million ft , and a yearly 

erosion/corrosion rate ,of 6 mll^y '^13,7 ft d^-aluminum would be 

dispersed, each day in\he sea wa4er flow. ^ At density of 168 
\ \3 ^ ^ 1 Q ^ I 

lbs/ft (2.7 gm/cm), 230O'^bs (1.04.k10 mg) of aluminum would 

9 3 

be washed out of the heat exchanger each day by 2 x 10 ft 

' • 9 ^ " j 

(57 X 10 liters) of water, a continual concentration of 0,018 mg/1* - 

This is approximately 1 percent of the EPA limit for aluminufn 

** _ 

'concentrations in sea water (1.5 mg/1). |However, little is known 
of th^^toxic effects of alufninum on specific marine organisms. ' 

Titanium 

EPA has established no limits for the concentration of ti- 
tanium in sea water and little or no testing has been done on the 
effects of titanium on marine life. ^However/ the use of titanium 
in the heat exchangers would probablyf allow for lower overall sur- 
fa'ce areas ^ and the rates of erosion/corrosion for titanium in sea 
water are known to be very low^ probably much less than one mi£l/yV 
Tn fact, Lockheed expects a 20-mil thick titanium wall to ha^e a 
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useful life of 35 years ^-^^ Although little is. known of the effects 
of titanium on marine life its outfall concentrations would almost 
certainly be lower than the" concentrations of either copper-nickel 
l.or aluminum Jfor similarly sized plahts. ' 

' ' > . ■. . ^ ' _ ^ 

Plastic ' 



If stress and ctacking problems can be overcgme / and^ if thermal 
transfer properties are adequatfe, heat eJwfeiangers may ^^e constructed 
out of, plastic, appecially sinqe the use of plastic may significantly 
lower the capital costs of OTEC plants. M p-lastic heat exchangers 
were used, the .problem^of toxicity , due to If/kt exchanger erosion/ 
cokrosion would be oaviated. .X^i- 

C- Potential EcojLo^ical impacts of Ocean Water MiKlng 



^ An OTEC plant will continually pum^ to its condensers near the 
'1 ocean surface v^st quantities of cold d^ep ocean water; it will 

pump a similar, amount- of warm surface wa^r through its evaporators. 
^ T^his artificial mixing of natural thermoclines .^alinity gradients , and 
biotic species near an OTEC plant could have an adverse affect on 
local marine ecosystem.s. For instance, temperature is the single 
most important environment^ variable af f ecting'marine organisms , 
and operating OTEC plants by their nature modify somewhat the 
nahuF'al thermoclines in their vicinity, lowering surface tem- 
peratures slightly and perhaps raising temperatures Hliqhtly 
at the level of condenser ou±fall\ The extent to which ambient 
surfaJe water temperatures are lowpred and natural thermoclines 
disrupted will depend on pla^t depign a^ site conditions* How- 
,ever^ changes caused by a 100-240 OTEC plant should be minimal, 
since immediately at plant outfall surface and deep water tempet^-r* 
atures will be changed only the order of 1-3^C.^^^ Furthermore^ 
' computer modeling studies are currently underway to determine 
- level 

1- . u 21/22/ 
disturbance. 

» . / 
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The specific effects on marine life of • thermal changes of 
the ^rnagnitude eKpected to be caused by OTEC operation have not 
been well defined. First of all^ the therinal change effected 
3^ by* an DTEC plant will be considerably lower than that effected 
by more conventiogL.al power plants. (A nuclear powe^ plants 

for instance> will discharge cooling water a*t 16^F above Intake 

2 3/ ^ \- 

^ temperatures,"^) Secondly, almost all research relating to thermal 

stresB"' on marine species has stud^ied the ef fects .of thermal in- 
creases, while an OTEC plant's Only certain thermal impact will 
to decrease surf ace%/ater temperatures* (OTEC plants may be 
designed so thafc condenser water is pumped out at levels where 
its temperature ^s similar to tJiat of ambient ^ater,) Research . 
is needed on the effects of slight thermal decreases 'on marine 
species indigenous to potential OTEC sites* 

For marine organisms small enough to pass through the heat ^ 
exchangers themselves / however ^ the temperature changes may be more 
serious than for ^ organisms in the ambient water ^ since they will be 
subjected to the temperature changes in % short period of time. 
Depending upon the design of the evaporators and the sea water flow 
rates, marine organisms carried through the evaporators will 
expedience a 1^3 C drop in approximately 10 seconds. The 
effects of such a rate of change would have to be datermined ^£or ^' 
specific organisms indigenous to specific 0€EC sites, 4 

Besides th^ temperature changes/ any forms of i^arine life 
entrained in the deep ocean water pumped up to the surface will 
also be subjected to changes in pressure, salinity gradients, 
and levels of turbidity and dissolved oxygen. All these factors 
.riffect the natural balance of marine ecosystems^ and all will be 
disturbed due ttX the artificial upwelling of deep ocean water.* The 
s p u c i f i c £ e c t s on s pec i f i c ma r i n e species can be s t u d i e d both 



throuqh li tera. ture/ searchos and laboratory testing , 
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Final^ly, marine biota may be affected by. impingement on 
the screens ucvoring the cold and warm water intakes. The " 



envijrbnmental problem of impingement has also been studied - in 
relation. to floating nuclear powerplants ^ ^ ■ and the effects 
durif^g OTEg operation sh^ld be sfmilar. For marine biota, im- 
pingement isfexpected to be confined predominantLy to small fish 
J and pelagic invertebrates* Small schooling "bait" fish, ^jelly- 
■fish, and pelagic crustaceans are likely to be impinged_in_..thB._,_^ 
greatest numbers. The potential for ecologically or commercially 
significant losses is small. 

D. Potentially Toxic Effects of Working Fluid;^eaks 

Since in each OTE# plant millions of square feet of heat 
exchange surface ar^a only 2,0^40 mils thick _^i^ll be exposed 



to constant physical and chemical stress, there is a strong 
possibility leaksNmay develop in the working fluid transport 
■.syatem. When the Vfeter pressure is greater than working 
fluid pressure at ahy point in the working fluid l<^p, a leak 
would result in seepage of sea water into the working fluid, 
in sufficijent quaritity causing serious cycle efficiency losses. 
When, on the other hand, the working fluid pressure exceeds the ^ 
water pressure at a lealcage* point , the working fluid would seep 
into the sea. Leaks in eitter direction could cause potential 
environmental problems, and both could happen in a single system 
at the same time . 

\ 

Although ammonia is not the only working fluid candidate, it 
seems most likely to be chosen because fef its excellent thermal 
properties. Therefore, the potentially toxic effects of ammonia 
.yeaks into ambient ^ea water are press: 3d here- 

If pressure differentials allow the inward leakage 
of sea water, a water cleanup system would have to b$ installed 
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in the working fluid loop. Such a cleanup system bould 

take several forms^ the moat likely being a distillation column. ^ 

According to Lockheed's OTEC feasibility study ^ a distillation 

cleanup systep^ for a 160 MW net power plant would dump a maxiitium 

of 65 gallons of water into the ocean every hour.^^^ ^Thlp effluent : 

water ^ cooled down before dispersal to lOO^F^ would have an amm^ia 

content of approximately 3 percent. In such small amounts^ neither 

the heat nor the ammonia dispersed into the ocean from a dlstilla- 

tion^type water cleanup system would have a significant effect on 

the environment. ( . 

' ) 

Since a working fluid inventory monltpring device would be 
installed in OTEC plants to give early warning of ammonia leakage 
into the sea water , under normal operating conditions anunonia lossas 
into sea water would fall within tolerable limits. Sea water flow 

through a baseline 100 MW OTEC plant has been calculated to be on 

9 3 ' 
the' order of 2*4 = 4,8 x 10 ft /day. Assuming a minimum volume of 

*\ 9 3 9 

2 k Ip ft (57 X 10 liters) per day, ammonia would have to ledk into 

^ " 4 9 

the sea water at a rate of 5 k 10 lbs (23 x 10 mg) per day to reach 

the U^S, EPA's limit for ammonia cdncf ntration in marine water (0.4 mg/1) 

Since the normal operating inventory of anmionia for a 100 MW 
OTEC plant has -been calculated to be on the order of 2-3.5 k 10^ lbs, 
even^ at the upper limit the EPA water quality standard would 
not be exceaded unless the plant w§re losing more than 1 per= 
cent of its total inventory ^each day/ Such a seriouB mal- ^ 
functio^ gould only resul^ from a major breakdown, a collision 
with anp ocean-going vessel, or a tropical storm. 

However, a natural or manmade disaster could cause an '% 
ammonia spill which would pollute marine water beyond EPA standards* 
The depth of the layer into which the leaked ammonia would miW and 
the volume of ocean water impacted can only be determined after 
final decisions on design pararneters and in situ testing of currents - 
and thermoclines are made. 
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Little information is "available on the toxic effects of 
ansnonia on specific marine organisms. However^ because of the 

slightly higher alkalinity of sea water, anmionia may be more toxic 

^ 19/ 
in sea water than in freehwater* 

E. . Potential lcQloyio€b^^|mpactl^f BiocldeB 

Chlorine has been au^ested for use as a bioclde to prevent 
biofouling on the^ sea water side of heat exchange surfaces* OTEC 
proponents have suggested an application rate of 0.1-^0*3 ppm. 
The U.S* EPA*s Prpposed Criteria for Water Quality states that 
concentrations of free residual chlorine in marine waterp in 
excess of 0.01 mg/1 are unacceptable. Although proposed initial 
concentrations in an pTEC plant are 10-50 times greater than ERA's 
acceptable *limit for marine water, those concentrationa would be 
diluted quickly by ambient sea water beyond the outfall of an OTEC 
plant* The rate of dilution could be determined by disj^ersioh 
modeling* 

Laboratory studies would also have to determine which marine 
species would be affected and to .what degree by the chlorine dis- 
charge. Furthe:^more , chlorine mixed with ammonia may be ev^n ^ 

19/ ' . . 

more toxic* Since the possibility of such a mixture exists m an 

.OTEC. plant where ammonia is used as the working fluid and chlorine 

as a biocide/ studies should be made to determine the potential 

environmental effects of possible mixtures. 

In general, marine fish have shown a slight irritant activity 

T 

when exposed to chlorine concentrations of 1 mg/1 and a violent 
irritant activity at 10 mg/1. Since -ch^^ine will be added -to 
flow-through sea water at a rate only 0.5-0.01 percent of the^^ 
rate needed to cause slight irritant activity, the toxic effects 
of the chlorine on marine fish should be minimal, especially con^ 
sidering the chlorinated water will be quickly diluted by ambient 
sea water. 
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ysters, on the other hand, reduce pumping activity when ex- 
posed to chlorine concentrations of 0.01-0.05 mg/1 and could not 
^jnaintain effective pumping in -chlorine concentrations of 1.0 mg/l . 
samplings taken at potential OTEC sites would help indicate whether 
marine organisms which could he harmed by chlorine discharges 
were, presetit . ^ 

_ ^' 

The •po.tentially toxic effects of chlorine use as a biocide 
=^may be , obviated, however, by the use of mechanical cleaning devices. 
Tor example, the sea water side of the tube in a shell-and- tube 
.axchanqer could be brush-cleaned, although the individual component 
being cleaned might have to be decorrimi si ioned temporarily. An 
automatic m-opo ration mechanical cleaning system involving the 
passage of! a rubbn,^ ball every 5-10 minutes thr-.ugh each exchanger 
t Li b ii - i s a 1 s o b e i n cj c o n s i d o r n r ] . 

The heat exchanger surfaces might also be chemically coated 
wifh a toxic substance to minimize biofouling. Salts of copper, 
mercury, arsenic, tin and antimony are currently used as biocides 
in marine coatings- however, the environmental consequences of 
such toxicants would have to be studied. 

Anti-bLofoul i ny f luorochemicals are currently being applied 

to metal surfaces and tested in marine environments, and research 

is being done on the possibility of manipulating the initial 

exchanger surface proportios to control microbiological slime 

tormatioh. Finally, n ijlastic coating may be applied to exchanger 

HurtarfM! fn inhihit biofouliuq it. iieat transfer problems can be 
'I / 

ov<;: rcome . ' 

I'' - Pc ) t: en t i a 1_ jVo r }u. '_r S c i J o t^^_ Pro hUx rns 

Thn iiH^^ of (ii r ftirrMit <:honiicalH in OTEC plants (e.cj., ammc^nia or 
prcjpanr as ..i wur'kiriq i Lui-ci, chlorine as a biociclc) co.ulci oncianqer 



the safety of construction, operation, or maintenance personnel. 
Therefore, safety guidelines similar to those ^ready in effect in 
industry for handling those chemicals will have to be established. 

The possibility of fires or explosions would be especially serious 
if propane were chosen as a working flyid, which seems unlikely at 
the present time. Propane would tend to vaporize in seawater; if 
^undetected, it might collect underwater, posing the possibility of 
an underwater explosion, 
I* 

The Occupational Safety and Health Administration has set 
standards limiting the concentration of various toxic materials 
to which an employee may be exposed.^ The maximum allowable con- 
centration of chlorine (8-hour weighted average) is 1.0 p^rt 
per million (ppm) . 

Ammonia is less flammable than propane, but its use still 
may lead to fires, explosions, or noxiou:; gases. The gas produces 
slight irritation of the eyes and throat at concentrations of 280 
to 490 mg/m^. Higher concentrations of 1700 to 4500 mg/m^ are 
required to induce pulmonary edema. Yet ammonia is not consider.ed 
to cfonstitute a serious threat to human health as an air pol lut int . " ^/ 
The OSHA has limited the maximum allowable concentration of ammonia 
(8-hour weighted average) to 50 p)pm. 

However, ammonia's strong odor below toxic levels would 
allow leaks into the air to be read ily ' detected . Furthermore, 
inventory monitoring devices would warn OTEC operators of 
signiticant working fluid leaks, allowing repairs to b& made 
quickly. 

i 
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G. Potential Clim atological Impacts o f Lowere d gea Surface 
Tempera tures 



' The operation of an OTEC plant may slightly lower the temperature 
of ambient ocean surface water. A slightly lower ocean surface 
temperature would lead to slightly lower ai r ' temperatures at the 
local air^water interface, * Such temperature anomalies may affect 
dthef . aspects of the. microclimate, e.g., winds and currents. 

For a single '100 MW OTEC plant impatrting^only 10^40 square, kilo^ 
meters of ocean surface, the microclimatic effects wO'Ul"d probably 
be insignificant. For a 100 MW plant operating in the summer, 11 
square kilometers of ocean surface may be lowered a maximum of 
0.32°C; for a 240 MW plant, 42 square kilometers of ocean surface 
may be lowered at"^ maximum of 0.54°C-"^^ Moreover, the ocean surface 
exhibits a natural ability to return to an equilibt^ium temperature'. 
Lower surface temperatures will increase heat flow back into the oceans 
60-70 cal/cm-/day/^^C) ^"^ because of decreased back radiation and 
lower evaporation Losses, thereby partially offsetting heat losses 
d ue to t h o p o w o r s y s t e m . 

Several OTEC plants operating in the same general ocean cir^ea 
may impact the local climate more seriously. However OTEC plants 
could not be placed tpo closely together, because they might lower 
surface te::.^mpera turns enough to intorfcire with the temperature dif- 
fe'reHitials needed for officiant operation. Consequently,- lowered 
surface temporaturcs would probably disturb OTEC operations before 
they would disturb the local cliniate. 
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H , Social and ins ti tutionaj Impac ts 

Although OTEC is a new, energy producincj technology, its 
development should have little impact on social or ii^ tityutional 
structures beyond that typically associated with large-scale 
construction projects. Thousands of new jobs may be created, 
but fabrication sites and techniques are already available in 
coastal ship^building communities, especially those equipped to 
build large deep-^sea oil drilling platfoi^ms. However, deep-water 
ptotected areas near deployment sites likely will be^ required for 
final assemlDly,, causing transportation and suppor^t problems typicaj^- 
for any deep-v/ater ^ cons tt^uc tion project. 

Since OTE:c plarits take advantage "5f the natural energy conversion 
and storage capabilities of the oceanf^ some may be built to operate 
as base-'load electricity producing units, contributing their power 
to existing grids. ^ Consequent ly , ^ they will have little unique 
imtiact on utilities. A potential problem may develop, however, 
with regard^ to jurisdiction over OTEC plants operating off the 
coast and the pricing structure of electricity sold to a national 
grid. ' ' ' 

The most serious institutional problem posed by the operation of 
OTEC plants will be the question of international righf^ and re- 
sponsibilities. The growing recognition that the ocean^ may be one 
of mean's last untapped resources i'S already leading to international 
discussiori , li tigation, and, in some cases, friction over the rights 
to utilize these resources. International lecfislation will ^}ave to 
be written to allow f:or the installation and maintenance of OTEC 
plants in interna tic^al waters. The problem of possible international 
royalties will have to be solved. In terna'tional arbitration will bo 
needed to resolve ques tions of responsibility and liability. In' ^ ^ . 
short, OTEC could open up a new area of international concern about 
the ownGrship and operation of energy^produciaig installations in 
i n t e r n a t i o n a 1 w a t e v h . 
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SECTION V 
NEPA DOCUMENT WORK PLAN AND 

t 

ENVIRONMENTAL RESEARCH PROJECTS 



Introduction 
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Th^ purpose of this section is to lay o^t a preliminary draft 
work plan for environmental analysis of the ocean thermal energy 
conversion technology being developed by the Energy Research and y^^^"^ 
Developnient Administration (ERDA) . It addresses the preparation of Envi- 
ronmental Development P^ans^ Environmental Impact Assessments^ and 
iEnvironmentai- Impact Statements^ as well as the conduct of basic 
and applied research supportive of developing a better understand- 
ing of 'the environmental consequences of OTEC, 

The work saheduled in this report should not be construed as 

official plans of either the Division of Solar Energy or of ERDA 

i as a whole. The work shown is that identified by the contractor. 

Many of the projects identified and outlined in Section D can be 

carried out outside of ERDA and can be handled in a variety of ways. 

The - scheduled work does not take into account breakthroughs or find- 

f 

ings which may aliow for significant reductions or expansions in 
effort, and it may not reflect specific work already underway in 
the public or private sectors. 

B^. ' Descripti on of NEPA Documents 

1. Background ■ ' 

_ . % 

The National Environmental Policy Act of 1969 (NEPA), imple-- 

m.ented by Executive Order on March 5, 19 70, and the c. lidelines 

of the Council on Environmental Qi-#lity of August 1, 1973 , require 

.that all agencies of the Federal government prepare detailed envi= 

ronmental statements on major Federal actions significantly affect-- 

ing the quality of the human environment*. The objective of NEPA 
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is to build into the Federal agency decision^making pi'-Qcess, at 
'the earliest possible point, an appropriate and careful consider^ 
at ion of_all environmental aspects of a ,propo^d* act ion > in order 
that adverse environmental effects may be avoided or rninimiEed . 



In carrying out this mandate, each agency of the government 
has set out poli-ey and procedures for^ implementing the%e require- 
ments,' ERDA currently operates under official guidelines originally 
established by and for the now defunct Atomic Energy Commission, 
In an eMort to up-date and. reorient the guidelines to ERDA's nee'^dsCj- 
alternative guidelines are now being fjrepared within ERDA. 

Although the proposed revisions ^ave yet to be finalized or 
adopted^ because the propdsed changes are so extensive and because 
this document .is to serve as a^n input to a future ^gency planning 
effort^ for purposes of this analysis the most recent proposed 
revision (November 1, 1976) has been u^ed to represent the future 
official guidelines. The discussion of NEPA report requirements^ 
and the r-ecomrnended work schedule is predicated on the guidance 
provided in^he November 1 draft revision. 

- . = " 

The backbone of ERDA's compliance program, is the preparation 
and review (by the agency and the public) of documents addressing 
the environmental aspects of programs and projects of the agency. 
Three types of documents are particularly important: Environmental 
Development Plans (EDP's)^ Environm.entM Impact Assessments (EIA's), 
and Environmental Impact Statements (ElS's) . Each is described 
below^^^^^ 

2, Environmental Development Plans 

An Environmental Development Plan (EOF) is the basic EgDA 
management document for the planninq; budgeting, managing, ar^d re^ " 
viewing of the broad environmental implications of each energy 
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technology alternaitf ve for e£^ch major ERDA research, development, 
and demonstration and contmercialization progr^am. The EDP is de- 
^^'igned to identify environmental issues, problems, and concerns 
as early as possible during the program ' s .^development , to analyze 
the available data and assess "the current state of knowledge related 
to each issue/ problem, an4 concern, to set forth strategies to resolve 
these, to set forth the processes by which the public is involved 
in identification and resoluti©n of these issues , '^problems , and 
concerns, and to designate significant milestones for resolution of 
these issues, pr^oblems, and concerns. The timing of the EDP's mile- 
stones reflects the sequencing of the technology development, EDP's, 
onoe completed^^ are ^made available to the public. 

^3. Environmental Impact Assessments - ^ ^ ^ 

An Environmental Impact Assessment (EIA) is a written report, 
prepared by an ^ Assistant Administrator or an 3RDA program office, 
which evaluates the erwironmental impacts of proposed ERDA actions 
to assure that environmental values are considered at the earliest . 
meaningful point in the decision-^iaking process and whj^ch, based 
upon the evaluation, determines whether or not an enviforimental 
impact statement . should be prepared. The EIA is intended to b^ 
a brief, factual, and objective document describing ^the proposed 
action, the envi^riDnmen t whi^ may be impacted, the potential environ^ 

and the environmental implications of alternatives. 



mental impacts during cons tri*ctlon , operation, and site restoration, 
potential conflicts with FedefaY^ State, regional, or local plans. 



' 4. Environmental Impact StatementB 

(" 

An Environmental Impact Statement (EIS) is a document pre- 
pared at the earliest Meaningful point in the decisic^-jnaking pro^ 
cess, which analyzes the anticipated environmental impacts of proposed 
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ERDA actions and of . reasonably available alternatives and which 
reflects responsible public and' governmental views and concerns. 
An EIS is prepared in response to plans in the progr^im ' s EDP or^ 
after the review of an EIA which identifies potentially significant 
impacts. The EIS goes through a specific preparation process 
involving agency and public review. 

The EIS goes through four steps during its preparation. 
The preli-iiiMry draft is reviewed within ERDA, the draft is dis-^ 
tributed ::he public for review and comment, the preliminary 
final incorporatinq comments submitted to ERDA in response to the 
draft is reviewed within ERDA, and the final EIS is issued 
reflecting the agency's final review and deliberations. This 
final EIS is then officially filed with the Council on Environmental 
Quality and distributed to the public; Except in special cases, 
"^no ERDA action subject to EIS' preparation can be taken sooner 
than 30 days after the final EIS has been issued/ 

An EIS can be prepared covering programs, projects, or the 
use of ERDA facilities. In each case the document must reflect 
the utilization of a systematic interdisciplinary approach which 
will insure the integrated use of the natural and social sciences 
and the environmental design ajts. 

Contents of the report cover a description of ;the proposed 
action and alternatives, a description of the existing environ^ 
ment, an analysts of environmental impacts of the proposed action 
and its alternatives, and a specific review of the unavoidable 
advejrse effects, resource use, land use implications, and the en = 
vironmental^ tradeoffs represented by the pi ^sed action and the 
alternatives. j^- 
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C. NEPA Document Work) Plan 

- — — — — " jj 

/ , - . . 

Fiqure V-1 presents an environmental work schedule tor vai-ious 

OTEC projects. Ai'so included is a schedule for the various research 
projects which are proposed below. 



Research and pevelopm 




Research is currenefy underway to study several of the environ- 
mental issues raised in this report. For inst.$nce, a combined CMU/ 
University of Hawaii team is studying the potential effect of bio- 
fouiing at a" specific location off the coast of Hawaii; the Naval 
Research Laboratory and the Massachusetts Institute of Technology - 
are using different kinds of computer modeling to study fluid 
dynamics and dispersion. Since OTEC technology is still in its 
early stages of development, it will be possible to adjust it tow 
mitigate many of its environmental problems. 

/" , ■ 

^ Through the preparation of EEA's environmental survey ot 

ERDA's ocean thermal energy^ conversion program, other environmental 
issues were identified which could not be adequate3^y analyzed 
within the context of this study due to ■ the complexit^y of the 
problem, the general lack of necessary research data, and the 
level of effoi^t and schedule of the EEA study. This section iden- 
tifies specific follow-up research projects which the EEA staff 
felt were critical to the understanding of the environmental conse- 
quenpe=^ of large scale commercial application of OTEC and which , are 

not likely, to be specifically or adequately addressed solely in the 

9 . 
preparation of NEPA documents. Many other rese^arch .projects 

were identified during EEA's study. This lisj: represents a conden- 
sation and trimming down of draft lists to those .projects which were 
feslt to be of greatest importance to the advancement of OTEC use 
and the associated decision-making process within the Federal govern^ 



ment. 
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FIGURE V=1 

OCEAN THERMAL ENERGY (EA0304) 
ENVIRONMENTAL WORK SCHEDULE 



CALENDAR YEAR 



WORK ELEMENT 


1976 


1977 


1978 


1979 


I 1980 


1981 




NEPA DOCUMENTS 

ENVIRONMENTAL DEVELOPMENT PLAN 
PROGRAMMATIC EIA/EIS 
PROJECT EIA/EIS 

• ENGINEER TEST FACULTY 

• OFF SHORE PILOT | 

• DEMONSTRATION 

RESEARCH PROJECTS 

(1) MARINE LIFE IMPACTS \ 

(2) OCEAN IMPACTS 

* (3) WORKER SAFETY 
(4) PROCESSING SAFETY 


1 1 1 


1 r 1 - 

EIS 
EIA 


- r t r- 

EIS 
EIA 


1 t t 

EIS 


1 T - [ 

EIA 


1 1 1 
EIS 
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OTEC Marine Life Exposure simulations 



• Through laboratory or in situ exposure ^simulation , 
the effect of eKposure to OTEC physical and chemicar 
conditions on ocean flora and fauna will be analy^-d. 

• Specific speciea conunon to one or more OTEC candidate 
sites will be subjected to chemical and physical 
environmental changes simulating those anticipated 
during passage through heat exchangers or in passing 
through the outflow of the plant, 

• The observed effects will be analyzed and extrapolated . 
to estimate total impacts of OTEC commergial sized plant 
operation , 

* 

Analysis of OTEC Impacts on Ocean Environment 



m Models to predict the impact of OTEC facilities 
o n o c o a n t e rn p e r a t ixrc q r a d i e n t s and 1 e ve 1 s ^ n u t p i ^ 
e n t d 1 s t r i b u t i o n a n d d p 1 e t i o n , wa te r e vapo ration , 
solar esnergy absorption, and clima^ will be 
I postulated and in situ monitoring data needs deter- 
' mined as may be required for model validation. 

) ^ \ ■ 

An ambient monitoring program to take effect during 
pilot plant opex^ation will be proposed and priorities 
established. 

\ 

m .Monitoring wil.U-bs^. carried out at the prototype 

plant site. \ ' 

m Data will be used tq validate model parameters and 
relatipnships and the models/ applied to predicting 
possible i^acts of large ^6ale OTEC deployment. 

Wo r k e r S a f e t y An a 1 y s i s 

# F o r a p r o t o t y [3 i c a 1 OTEC facility^ the n u e r ^ o f ^ ^ 
w o r k Q r s , t h o i- r d u t i c s a n d t h e i 1 o c a t i o n s at the 
facility should bo determined. 

• F o r e a c h wo r k e r o r \ y p e o f worker, a wo r k d ay s c h e d u 1 e 
o f duties will be de ve loped and the po ton ti a 1 fnr 

e xpo s u r e to wo r k i n q f 1 u i d o r b i o c i de chemicals assessed, 
Qua'^ti-d^t at ivo estimates for the level and duration 
o f e xpo'S"ta re t o § e a c h will be ma de and these e xp o s u r e s 
Gonipared to avaiiable doses/effect information on the 
dlternahive subject materials. The analysis will 
covor f^t^^rtuf)^ nornial oporation, and several failure 
niodo s . ^- 
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• If significant hazards are identified^ rnitigating 
protective measures will be fcoi-mulated and their 
cost estimated . \ 

4* Safety of OTEC Bascjd Processing / 

\ _ 

m The general safety considerations associated with 
the production of armnonia and hydrogen via OTEC 
energy production shall be identified and the safety 
record and procedures of conventional hydrogen and 
ammonia production investigated* 

• Physical conditions at sea and operational differences 
' of OTEC vs. conventional production operations for 

these materials will be examined' and relative safety 
(associated control measures) of such facilities deter- 
mined* 
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